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Study Objectives: Sleep disordered breathing (SDB) is common in older adults and is strongly associated with cognitive decline, with increasing evidence
suggesting that it may represent a risk factor for dementia. Given that SDB is characterized by intermittent episodes of hypoxemia during sleep, it is possible
that cognitive impairment may relate to cerebral oxidative stress. This study aimed to examine the relationship between nocturnal markers of hypoxemia and

proton magnetic resonance spectroscopy ('H-MRS) markers of oxidative stress within the anterior cingulate cortex (ACC) of the brain.

Methods: Twenty-four older adults (mean age = 67.9 y) at-risk for dementia were recruited from our Healthy Brain Ageing Research Clinic. At-risk was
defined as participants seeking help for assessment and/or intervention for cognitive decline, including those with subjective and/or objective cognitive
complaints. This could occur in the context of prior depression or risk factors (e.g., vascular) for dementia. All participants underwent psychiatric, medical
and neuropsychological assessment followed by overnight polysomnography. In addition, participants underwent 'H-MRS to derive levels of ACC metabolite

glutathione (GSH) reported as a ratio to creatine (GSH/Cr).

Results: Increased levels of GSH/Cr were associated with lower oxygen desaturation (r = -0.54, P = 0.007) and more severe apnea-hypopnea index scores
during rapid eye movement sleep (r = 0.42, P = 0.050). In addition, ACC GSH/Cr correlated with poorer executive functioning (i.e., response inhibition:

r=-0.49, P = 0.015; set shifting: r = -0.43, P = 0.037).

Conclusions: Markers of nocturnal hypoxemia and SDB are associated with cerebral oxidative stress in older people at-risk for dementia, suggesting a
potential mechanism by which SDB may contribute to brain degeneration, cognitive decline, and dementia. Further work focused on utilizing this biomarker
for the early identification and treatment of this possible modifiable risk factor in older persons is now warranted.
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Significance

plaques and tangles are now required.

This study shows for the first time, preliminary in vivo evidence of a possible neurobiological mechanism underpinning the relationship between

sleep disordered breathing, cognitive decline and dementia. Specifically, this study demonstrates associations been markers of nocturnal hypoxemia,
executive dysfunction and the brain’s antioxidant system. From a clinical perspective, the findings of this study further highlight the need for early
diagnosis and intervention strategies for sleep disordered breathing in older adults. In addition, further investigations of interventions that directly
address oxidative stress are warranted. To facilitate the development of targeted interventions for dementia prevention, future research examining the
interrelationship between oxidative stress and cellular processes including inflammation, mitochondrial dysfunction and the deposition of neurofibrillary

INTRODUCTION
Sleep disordered breathing (SDB) and obstructive sleep apnea
(OSA) occur in approximately 60% and 20% of older adults,
respectively, and are etiologically linked to cognitive decline.!
Of significance, up to 30% of elderly patients with OSA meet
criteria for mild cognitive impairment (MCI)' and increasing
evidence suggests that OSA may be an independent risk factor
for dementia.?? Indeed, several studies have demonstrated that
dementia is up to six times more likely to develop within 5
years in patients with OSA (depending on age and sex).® Im-
portantly, executive functioning is posited to be the cognitive
domain most affected by OSA. In a model suggested by Beebe
and Gozal,® damage to the prefrontal cortex and subsequent
executive dysfunction is theorized to underpin much of the
daytime dysfunction associated with OSA. Thus, it is not sur-
prising that OSA is emerging as an important area to target in
both primary and secondary dementia prevention efforts.
Cross-sectional and intervention studies have provided
initial insights into the association between OSA and neuro-
psychological functioning®”’; however, these studies have not
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yet delineated the mechanisms by which OSA may exert del-
eterious effects on brain integrity. Neuropsychological studies
suggest that both sleep fragmentation and intermittent hypoxia
are relevant and have differential effects on cognition.® Indeed,
arecent meta-review demonstrates that OSA is associated with
impairment in various cognitive domains, including attention,
executive functions (including response inhibition, set-shifting,
working memory, and problem solving), processing speed, and
episodic memory.’ Importantly, although continuous positive
airway pressure (CPAP) treatment has been shown to improve
cognitive deficits in attention,>® deficits in working memory,
phonemic fluency, and psychomotor speed persist, suggesting
that OSA may cause irreversible damage to cortical and sub-
cortical brain structures and/or networks.>¢?

A corpus of research has examined the relationship between
intermittent hypoxia induced by OSA and changes in markers
of inflammation and oxidative stress, in the context of cardio-
vascular disease (CVD)."” CVD is one of the key comorbidities
associated with OSA and evidence hitherto suggests that inter-
mittent hypoxia, as opposed to sleep fragmentation, may have
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the greatest effect on oxidative stress in vivo."” Importantly,
animal models of intermittent hypoxia demonstrate increased
lipid peroxidation and elevated levels of isoprostanes, both
markers of oxidative stress.'” Furthermore, these changes have
also been associated with impaired spatial learning in rats."” In
humans, recent studies have shown abnormal lipid peroxida-
tion profiles, greater reactive oxygen species (ROS) concentra-
tion, and reduced antioxidant capacity in patients with OSA,
compared to healthy controls."'> However, the relationship be-
tween hypoxemia and oxidative stress during sleep has never
before been studied in biologically active, in vivo brain tissue
in humans. This can be achieved using proton magnetic reso-
nance spectroscopy (‘"H-MRS), a neuroimaging technique that
facilitates resolution of the metabolite glutathione (GSH), the
brain’s primary antioxidant and a marker of oxidative stress."
This line of inquiry is critical, particularly in light of recent
work demonstrating strong links between oxidative stress, de-
pressive symptoms,' and cognitive decline." In addition, more
detailed investigation is pertinent given the known associa-
tions between vascular risk factors and incident dementia.'®

The majority of research examining the relationship between
hypoxemia and oxidative stress to date has been conducted in
middle-aged adults or animal models of OSA and as such, it is
unclear how this process may be influenced or exacerbated by
aging. Indeed, both the incidence of OSA and accumulation of
neurodegenerative pathology (including beta-amyloid and tau
deposition, as well as ischemic vascular change in individuals
vulnerable to CVD) increases with age,'” and it is possible that
the neurobiological changes resulting from OSA either underpin
or expedite these neurodegenerative processes. Given the po-
tential for some cognitive effects of OSA to be alleviated with
CPAP treatment, studies examining the mechanisms underpin-
ning cognitive change in this group may offer important insights
for secondary neurodegenerative disease prevention strategies.
In this regard, examining patients in the preclinical phase of
neurodegenerative disease manifestation, where subjective or
objective cognitive change is evident (but prior to the functional
decline associated with established dementia), will be most in-
formative and of greatest benefit for targeted intervention.

In this study we aimed to examine the relationship between
in vivo GSH concentration in the anterior cingulate cortex
(ACC) and measures of hypoxemia, specifically minimum
oxygen desaturation (O,-desaturation) and apnea-hypopnea
index (AHI), in older adults at-risk for dementia. We chose to
examine the ACC over other possible regions of interest for
several reasons: (1) our prior work in “at-risk” cohorts has
demonstrated relationships between cognitive dysfunction and
GSH in the ACC'"; (2) the known involvement of the ACC in
executive functions'® (the cognitive domain most affected by
OSA)’; and (3) the ACC is well suited to 'H-MRS because its
position within the brain facilitates voxel placement without
close proximity to bone, sinuses, or cerebrospinal fluid, thereby
maximizing spectroscopic signal quality. Based on our prior
work and that of the extant literature, we hypothesized that in-
creased GSH concentration in the ACC would be associated
with increasing OSA severity, including O,-desaturation and
AHI. Although exploratory in nature, we further hypothesized
that measures of hypoxemia would correlate with executive
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dysfunction, which would be mediated by GSH concentration
as measured by '"H-MRS.

METHODS

Participants

Twenty-four older adults (mean age = 67.9 y; standard devia-
tion [SD] = 6.3 y) “at-risk” for dementia with subjective sleep
complaints (including snoring, poor sleep efficiency, sleep
latency, and wake after sleep onset) were recruited from the
Healthy Brain Ageing (HBA) Clinic at the Brain and Mind
Centre, Sydney, Australia. As described previously,"” “at-risk”
was defined as those who are seeking help for assessment and/
or intervention for cognitive decline, including those with sub-
jective and/or objective cognitive complaints. This could occur
in the context of prior depression or risk factors (e.g., vascular)
for dementia. Exclusion criteria included age younger than 50 y
at time of testing, established dementia, Mini-Mental State Ex-
amination (MMSE) score less than 24,?° history of neurological
or psychotic illness, head injury (with loss of consciousness for
more than 30 min), other medical conditions known to affect
cognition (e.g. stroke, transient ischemic attack), substance
misuse, or medical contraindications to magnetic resonance
imaging. This study was approved by the University of Sydney
Institutional Human Research Ethics Committee. All partici-
pants provided written informed consent prior to participation.

Clinical Assessment

Using a semistructured interview, a psychiatrist specializing
in the treatment of older adults recorded a full medical, clinical,
psychiatric, and medication history. For each participant, the
psychiatrist conducted the Structured Clinical Interview for
DSM-1V Disorders? to assess for lifetime and current major
depression.

In total, four participants met criteria for major depression
at the time of assessment and 10 participants reported cur-
rent antidepressant medication use. Of these, five participants
were taking a selective serotonin reuptake inhibitor, four were
taking a serotonin and norepinephrine reuptake inhibitor, and
one was taking a tricyclic antidepressant. In addition, two par-
ticipants reported current benzodiazepine use and two partici-
pants were taking an atypical antipsychotic.

As detailed elsewhere,” a clinical neuropsychologist con-
ducted a standardized neuropsychological assessment for each
participant. The assessment covered a range of cognitive do-
mains including attention, working memory, processing speed,
verbal and visual learning and memory, language, visuospatial
skills, and executive functioning. For reporting purposes, the
MMSE was administered and premorbid intellect was esti-
mated using the Wechsler Test of Adult Reading.”

Due to known associations with the ACC, in this study we
examined the following executive functions in relation to GSH:

* Set shifting was examined using the Trail Making Test
(TMT)-Part B (expressed as an age adjusted z-score).*

* Response inhibition was examined using the Delis
Kaplan Executive Functioning System Colour-Word
Interference task (inhibition switching subtask;
expressed as an age-scaled score).”
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Figure 1—Diagram demonstrating the anterior cingulate cortex voxel placement and LCModel output for one participant. The GSH metabolite peak is
resolved at 2.95 ppm and is labelled in the water suppressed spectra. GSH, glutathione.
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Polysomnography

As described previously,” participants underwent polysomnog-
raphy (PSG) in the Chronobiology and Sleep Laboratory at the
Brain and Mind Centre. Nocturnal PSG recordings were col-
lected using an ambulatory recording system (Compumedics
Siesta, Melbourne, Victoria, Australia) using a six-channel
electroencephalographic (EEG) montage (C3-M2, 02-Ml,
Fz-M1, Pz-M2, Fpz and Cz); two electro-oculographic (EOG)
channels (left and right outer canthi) and electromyogram
(EMG; submentalis). In addition, nasal airflow was recorded
using a nasal pressure transducer or thermistor and respira-
tory effort was assessed using thoracic and abdominal bands,
enabling AHI to be calculated. Blood oxygenation was re-
corded using pulse oximetry. EEG data were sampled at 250
Hz. Frequencies less than 0.3 Hz and greater than 70 Hz were
digitally filtered and a notch filter of 50 Hz was used. Sleep
architecture stages were scored manually in 30-sec epochs
by an experienced sleep technician using Rechtschaffen and
Kales standardized scoring criteria,?® with modifications for
older participants.”” While in the laboratory, participants were
monitored physiologically and behaviorally at all times under
controlled conditions, with fixed light levels (< 50 lux during
waking; < 1 lux during scheduled sleep periods) and ambient
temperature (24 + 1°C). Patients were required to maintain
their usual bedtime and wake-up schedule during the study,
and were asked to abstain from caffeinated beverages for the
8 h prior to and during PSG data collection. Primary outcome
measures for this study were: (1) O,-desaturation (minimum
level recorded throughout the night); and (2) AHI (total number
of apneas + hypopneas) which was calculated across total sleep
(AHI), rapid eye movement sleep (AHI-REM), and non-rapid
eye movement sleep (AHI-NREM). In addition, for descrip-
tive purposes, we report: sleep onset and offset times (hh:mm);
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total sleep time (TST; min); wake after sleep onset (WASO;
min); and sleep efficiency (TST / time in bed x 100).

Proton Magnetic Resonance Spectroscopy (‘H-MRS)

As detailed elsewhere,” imaging was conducted within 8 w
of clinical assessment and took place at the Brain and Mind
Imaging Centre on a 3-Tesla GE Discovery MR750 scanner
(GE Medical Systems, Milwaukee, W1) using an eight-channel
phased array head coil. The following images were acquired in
order: (1) three-dimensional sagittal whole-brain scout for ori-
entation and positioning of subsequent scans; (2) T1-weighted
magnetization prepared rapid gradient-echo (MPRAGE) se-
quence producing 196 sagittal slices (repetition time [TR] = 7.2
msec; echo time [TE] = 2.8 msec; flip angle = 10°; matrix 256
x 256; 0.9-mm isotropic voxels; scan time = 4 min, 24 sec)
to aid in the anatomical localization of sampled voxels; and
(3) single-voxel '"H-MRS using Point RESolved Spectroscopy
(PRESS) acquisition, with two chemical shift-selective im-
aging pulses for water suppression (scan time = 5 min, 4 sec).
Spectra were shimmed to achieve full-width half maximum of
less than 13 Hz.

For each participant, a spectra was acquired from a voxel
measuring 20 x 20 x 20 mm placed midline in the ACC
(Figure 1, TE = 35 msec, TR = 2000 msec and 128 averages).
Voxel size was selected to maximize the ACC volume being
sampled and thus optimize signal-to-noise ratio, without in-
cluding a large volume of surrounding structures. Anatomical
localisation of voxel placement was based on the Talairach
brain atlas®® and positioning was guided by the T1 MPRAGE
image.

Following MRS acquisition, data were transferred offline
for postprocessing using the LCModel software package®
and metabolite concentrations were determined as a relative
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Table 1—Demographic, clinical, sleep, and spectroscopy data for study participants. zgr tisgi)d;t piret;zlﬁizts' nglg ?122
Study Participants (n = 24) and ceased use approximately 3 y
Demographic and Clinical Characteristics before the PSG assessment date
Sex, % female 70.80 (17/24) for the current study. Sixteen par-
Age,y 67.91 +6.54 ticipants had an AHI > 10; for these
Education, y 12.46 + 3.19 participants, the mean AHI = 22.8,
Mini Mental State Examination 28.74 +1.05 SD=12.1.
Hamilton Depression Rating Scale 6.61+6.24 Table 1 displays the demographic,
Neuropsychological Data clinical, and sleep data .folr the
Response Inhibition (Colour-Word Interference), ASS 10.08 + 3.28 sample. On average, participants
Set-shifting (TMT- Part B), z-score 0.10+1.06 scored within the normal range for
Polysomnography Data global cognition (1.e.,.MMSE > 24)
Sleep onset time, hh:mm 23:10 £ 0:56 and reported only mild dep ress¥ve
Sleep offset time, hh:mm 06:32 + 0:58 symp;)oms. .C.O mpared to normative
Total sleep time, min 369.37 +63.13 data,™ participants recorded below-
, average sleep duration and on av-
Sleep efficiency, % 7868+10.21 erage, met criteria for moderate
Wake after sleep onset, min 78.50 + 36.71 OSA 3!
Lowest overnight oxygen saturation, % 85.96 +5.18
Apnea-hypopnea index (total) 17.00 £13.49 Relationship between OSA Markers
REM sleep 26.39 £19.73 and Oxidative Stress
NREM sleep 14.30 + 13.95 As shown in Table 2 and Figure 2,
Spectroscopy Data lower O,-desaturation and more
Anterior cingulate glutathione/creatine ratio 045+0.13 severe AHI in REM sleep were as-
sociated with increased ACC GSH/
Data are mean + standard deviation gr % (p). ASS, Age Scaled Score; NREM, non-rapid eye movement; Cr. Importantly, the correlation
REM, rapid eye movement; TMT, Trail Making Test. between ACC GSH/Cr and O,-des-

ratio to creatine (Cr) to reduce subject specific variation. All
spectra were quantified using a PRESS TE = 35 basis set of 15
metabolites, which included GSH and incorporated macromol-
ecule and baseline fitting routines. The spectra were visually
inspected separately by two different raters to ensure consis-
tent spectra and poorly fitted metabolite peaks as reflected
by large Cramer—Rao lower bounds (greater than 20%) were
excluded from further analysis. From an imaging perspective,
GSH is often resolved using specialized pulse sequences such
as MEGAPRESS or double quantum coherence filtering tech-
niques. However, we have previously shown using phantom
data that GSH/Cr is also able to be reliably resolved using an
optimized PRESS acquisition with higher order shimming."®

Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences (IBM Corp, Version 20 for Mac). Pearson coefficients
were used for all correlations unless otherwise stated. All
analyses were 2-tailed and used an alpha level of 0.05. Partial
correlations were used to assess whether the unique variance
between two measures was confounded by a third variable.

RESULTS
Sample Characteristics
At the time of assessment, no participant was currently re-

ceiving treatment for OSA. Four participants reported a prior
diagnosis of OSA; however, these data were not available for
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tauration remained significant after
controlling for age (partial r=-0.57,
P = 0.007). However, in this small clinical sample, there was
only a trend association between REM AHI and ACC GSH
after controlling for age (partial r = 0.43, P = 0.055), though
notably the correlation coefficient was of moderate magnitude.

Associations between Markers of SDB, Oxidative Stress, and
Cognition

Confirming prior work linking the ACC with cognition, higher
levels of ACC GSH/Cr were significantly correlated with
poorer performance on set-shifting and response inhibition
tasks (see Table 2). However, there were no significant cor-
relations between measures of executive functioning and hy-
poxemia (set shifting: r = 0.14, P = 0.505; response inhibition:
r=0.20, P = 0.350) or sleep fragmentation (AHI; set shifting:
r=—0.38, P =0.073; response inhibition: r = —0.22, P = 0.323)
in this sample. As such, no further exploration of the relation-
ship between ACC GSH/Cr, measures of SDB, and executive
functioning were conducted.

In order to confirm that depressive symptoms were not me-
diating the aforementioned associations, we also analyzed the
relationship between depressive symptoms and hypoxemia/
sleep fragmentation, set-shifting/response inhibition (data not
presented) and oxidative stress (Table 2), with all resulting
findings being nonsignificant.

DISCUSSION
This study demonstrates for the first time that SDB and as-
sociated nocturnal hypoxemia are linked to cerebral oxidative
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Figure 2—Graphs demonstrating correlations between glutathione (GSH/Cr) and measures of hypoxemia and rapid eye movement sleep apnea-hypopnea
index in patients at-risk for dementia. AHI, apnea-hypopnea index; REM, rapid eye movement.

stress in the ACC in older adults
at-risk for dementia. These results
were evident despite, on average,
only moderate OSA severity in this
patient group. These findings are
aligned with prior work in CVD
samples, which show a robust as-

demographic and neuropsychological data.

Demographic and Clinical Characteristics
Age
Hamilton Depression Rating Scale

Table 2—Correlations between anterior cingulate glutathione concentration and participants’

sociation between intermittent
hypoxemia and oxidative stress."
Importantly, however, our research
extends previous work to an aging
sample at-risk for dementia, and
specifically shows an associations
between oxidative stress and hy-
poxemia as well as poorer executive
functioning, respectively.

Although the contribution of oxi-
dative stress to cognitive decline and

Polysomnography Data

REM sleep
NREM sleep

Response Inhibition (Colour-Word Interference), ASS
Set-shifting (TMT- Part B), z-score

Lowest overnight oxygen saturation, %
Apnea-hypopnea index

*P < 0.05; **P < 0.01. Statistics represent Pearson correlations. ASS, Age Scaled Score; NREM, non-
rapid eye movement; REM, rapid eye movement; TMT, Trail Making Test.

Anterior Cingulate GSH/Cr Ratio
Correlation P
0.15 0.495
-0.14 0.515
-0.49 0.015*
-0.43 0.037*
-0.54 0.007**
0.42 0.050*
0.15 0.486

neurodegeneration is being increas-

ingly recognized,*** only a few recent studies have examined
in vivo brain GSH in humans in relation to cognitive decline
and dementia. Of these, our own studies have shown strong as-
sociations between increased levels of GSH and both cognitive
decline and increased depressive symptoms.'*'* In the current
study, we focused on the ACC, on the basis of this work, but
also due to the clear role of the ACC in executive functioning,
an area of cognition implicated consistently in OSA.>* Inter-
estingly, we demonstrated independent associations between
ACC GSH and hypoxemia as well as executive functioning. Al-
though we did not find a direct correlation between hypoxemia
and executive function in this cohort, it is important to note that
on average, performance was within the normal range on all
cognitive tasks and as such, GSH may be an important marker
of subtle cognitive change in this cohort. Although 'H-MRS
does not facilitate further exploration of the neurobiological
mechanisms underpinning the associations between hypox-
emia, oxidative stress, and executive functioning demonstrated
in this study, it is possible that multiple cellular processes are at
play including inflammation, mitochondrial dysfunction, and
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the deposition of neurofibrillary plaques and tangles. Briefly,
although mitochondria are the main source of intracellular free
radical production (via oxidative phosphorylation),* their lipid
membrane is particularly vulnerable to oxidative damage. An
increase in intracellular oxidative stress can result in mitochon-
drial permeability transition and culminate in apoptotic cell
death.’**” Increasing mitochondrial oxidative stress can also
result in dysfunctional protein behavior, which can lead to ad-
ditional ROS production and accelerated neurodegeneration.*®
Alternatively, the interrelationship between inflammation and
oxidative stress may be an important consideration. Although
oxidative damage is an important cause of neuroinflammation
in brain tissue, the activation of ROS producing microglia via
increased proinflammatory cytokine production also results in
increased oxidative stress.**® Importantly, chronic low-grade
inflammation has been implicated in the pathogenesis of sev-
eral psychiatric conditions including major depression as well
as CVD and Alzheimer’s disease. Interestingly, inflammation is
a key process involved in the clearance of Alzheimer’s disease
pathology, in which microglia degrade soluble and aggregated

GSH, Sleep Apnea and Cognition—Duffy et al.



forms of beta-amyloid.* However, activated microglia are an
important source of ROS, generating the free radical super-
oxide* and increasing oxidative stress. This may, in turn, lead
to further beta-amyloid deposition and the progression of neu-
rodegeneration. Although we cannot determine the interrela-
tionship between these cellular processes and oxidative stress
within the context our study, GSH plays a key role in the neu-
tralization of ROS in the brain® and it is clear that further inves-
tigation is now warranted.

Of interest, the findings of this study suggest that hypox-
emia, particularly during REM sleep, has the most pronounced
relationship with oxidative stress. It is well established that
OSA during REM sleep is associated with greater apnea length
and consequently, greater hypoxemia than OSA during NREM
periods.*** Furthermore, previous research has suggested that
REM sleep OSA is more common when severity is milder,
in female patients and in individuals who are not morbidly
obese,*** characteristics consistent with the demographic and
clinical profile of our sample. In addition, our finding is consis-
tent with prior literature showing the importance of the ACC
during REM sleep. Indeed, functional neuroimaging studies
have shown increased cerebral blood flow to the ACC during
REM sleep and downregulation during the NREM period.**
A large proportion of ROS are produced as a result of energy
production via oxidative phosphorylation in brain tissue.* In
combination with the known association between OSA and
REM sleep, and the role of the ACC, our data demonstrating
a significant correlation between hypoxemia and oxidative
stress is thus consistent with the literature.

From a clinical perspective, the identification of SDB and
associated hypoxemia as a pathophysiological mechanism un-
derpinning cognitive decline has important implications for
early detection and intervention. In this regard, interventions
that directly address either SDB or oxidative stress are worthy
of pursuit. For instance, N-acetyl cysteine*é and omega-3*" may
counteract oxidative stress in the brain, and in an older at-risk
sample, we have previously demonstrated that omega-3 fatty
acid supplementation over a 3-mo period stabilized oxidative
stress levels in the thalamus.?” Similarly, further investigation
of the effect of other OSA treatments on markers of oxida-
tive stress is now warranted. In this regard, both mandibular
advancement splint therapy*® and CPAP treatment may offer
cognitive benefits. Although there appears to be some hetero-
geneity in responsiveness, CPAP in particular may improve
performance across multiple cognitive domains*® ! and inter-
estingly, has been shown to reduce oxidative stress markers in
blood plasma.*>* This study also highlights the importance
of early diagnosis of SDB in older adults. Although it is not
logistically or economically feasible to conduct overnight PSG
studies on all at-risk older persons, and because screening
questions for cognitively impaired older adults require fur-
ther empiric development and validation,” the incorporation
of objective, home-based diagnostic modalities such as single-
channel nasal airflow monitoring may be an appropriate alter-
native.* In this regard, the addition of home-based monitoring
of SDB for older at-risk persons may increase the efficiency
and number of cases of OSA detected, in turn, enabling earlier
intervention strategies."
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This study has a number of strengths including the incorpo-
ration of detailed clinical and neuropsychological assessment
of patients, gold-standard objective PSG measures of sleep
as well as sophisticated in vivo brain imaging of GSH. How-
ever, when interpreting the findings, some limitations are also
worth considering. Firstly, GSH is reported as a ratio to Cr, and
while we have previously validated this signal using phantom
scanning techniques,' replication using absolute GSH concen-
tration is required. In addition, although this clinical cohort
specifically targets individuals in a clear at-risk dementia pe-
riod, such samples are by their very nature heterogeneous. In-
deed, although increasing evidence suggests that individuals
with subjective and/or objective cognitive complaints are at
greater risk of progression to MCI or dementia,’”* their ulti-
mate clinical trajectory is unknown. However, this faithfully
represents the epitome of a preclinical disease group and pro-
spective longitudinal analysis of at-risk samples are now re-
quired to more closely map the interrelationships between GSH
and SDB in various brain regions in relation to the time course
and profile of cognitive decline, and investigate the effect of
OSA treatment on neurometabolite and cognitive outcomes.

Overall, this study suggests that SDB may be an important
mechanism contributing to oxidative stress and neurodegen-
eration in older people. Identification of modifiable risks such
as SDB is highly significant given that rates of dementia will
quadruple by 2050, with current efforts focused on the early
identification of modifiable risks factors.®® Given that there are
many options for early identification and treatment of these
important markers, further research using larger samples with
prospective or interventional designs is now required.
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